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ABSTRACT 

In the era of concrete, concrete is exposed to chemical, such as carbonation 
and chloride adulteration break down the alkaline barrier in the cement. 
Subsequently, steel in the concrete becomes corrosive. Such phenomena lead 
to erosion of concrete at the reinforcement level, cracking and spelling of 
concrete due to volume increase of steel reinforcement. Different methods 
were investigated to overcome corrosion by numerous researchers. 


According to A.S.T.M D792-13 standards the density of H.F.R.P bars have been 
evaluated the experimental value with 0.1mg precision. As per the standards, 
the H.F.R.P bars are weighed. Then, the H.F.R.P bar is immersed in distilled 
water at 230C and the wet weight of the bar is noted. The weight of the Sinker 
in immersed condition is also noted. 


The laboratory tests carried out to evaluate the physical and mechanical 
properties of the newly developed H.F.R.P bars and are compared with that of 
conventional bars. The bond properties of H.F.R.P bars with concrete is also 
determined. Finally, it explains the experimental investigations on the flexural 
behavior of concrete one-way slabs reinforced with H.F.R.P reinforcements 
under static loading and are compared with conventional ones. The stress- 
strain performance of the sand-coated H.F.R.P bar is linear, lacking yield point 
up to the failure transverse shear strength is 3 times lesser than the tensile 
strength of the H.F.R.P bars. Thermal properties of fibers are substantially 
different in the longitudinal and transverse direction. Therefore the thermal 
characteristics vary between products according to the fiber, matrix and the 
fiber volume ratio. In this study the longitudinal Coefficient of linear thermal 
expansion is 7.5 x 10 -6/oC to 9x 10 -6/o0C. Whereas the transverse Coefficient 
of linear thermal expansion is between 15 x 10 -6/oC to 20 x 10 -6/oC. Load - 
deflection graphs drawn exhibits the accordance between experimental and 
FEM (ANSYS) observations. The reduced deflection of FEM is due to the 
rigidness of meshing. The results also confer about the effect of tension 
stiffening and the bond slip. From the comparison it has been observed that 
experimental deflections vary from 1.03 to 1.37 times higher than the FEM 
deflections. 
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1. INTRODUCTION 

In the era of concrete, concrete is exposed to chemical, such 
as carbonation and chloride adulteration break down the 
alkaline barrier in the cement. Subsequently, steel in the 
concrete becomes corrosive. Such phenomena lead to erosion 
of concrete at the reinforcement level, cracking and spelling 
of concrete due to volume increase of steel reinforcement. 
Different methods were investigated to overcome corrosion 
by numerous researchers. A possible solution to combat 
reinforcement corrosion for new construction is non- 
corrosive material for replacing steel. Light weight Eminent 
tensile strength and corrosion less characteristics make Fiber 
reinforced Polymer (F.R.P) suitable for such applications. 


F.R.P in concrete has increased in recent time on account of 
resistance against corrosion, high tensile strength to weight 
ratio, and non-magnetization. The supremacy of the F.R.P 
materials, in comparison to normal building material such as 


steel bars, timber and RCC, lies in its improved strength and 
durability, stability, stiffness. 


The main aspect of present research is to review the 
analytical and experimental behaviour of Hybrid Fiber 
Reinforced Polymer’ reinforcements F.R.P  (HF.R.P) 
reinforcements in concrete one-way slabs on the basis of 
more accurate modeling and analysis and to build better 
recommendations for more balanced design. This chapter 
gives the development, constituents, classification, 
manufacturing methods and different applications of F.R.P 
materials. The manufacturing process of new H.F.R.P rod is 
also explained. Finally it presents need for present study and 
organization of the thesis. 


2. METHODOLOGY 
In laboratory tests carried out to evaluate the mechanical 
and physical properties of the newly developed H.F.R.P bars 
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and have a comparison with that of conventional bars. The 
manufacturing process of newly developed H.F.R.P bars are 
presented and secondly, the important properties such as 
Density, Tensile strength, Transverse shear, Coefficient of 
Thermal Expansion, and are determined according to ASTM 
standards and compared with that of conventional bars. The 
results shows good and satisfactory performance of H.F.R.P 
bars in comparison with Conventional bars. The bond 
performance of H.F.R.P rebars with concrete has also been 
examined. A detailed experimental procedure has been 
conducted to investigate the flexural behaviour of one-way 
Slabs with all parametric conditions are presented. 





e < = 
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Figure 2.1 Cross Section View Of H.F.R.P Bar 


3. RESULTS AND DISCUSSION 

3.1. GENERAL 

This chapter explains the laboratory tests carried out to 
evaluate the physical and mechanical properties of the newly 
developed H.F.R.P bars and are compared with that of 
conventional bars. The bond properties of H.F.R.P bars with 
concrete is also determined. Finally, it explains the 
experimental investigations on the flexural behaviour of 
concrete one-way  slabs_ reinforced with  H.F.R.P 
reinforcements under static loading and are compared with 
conventional ones. 


3.2. Density 

According to ASTM D792-13 standards the density of H.F.R.P 
bars have been evaluated the experimental value with 0.1mg 
precision. As per the standards, the H.F.R.P bars are weighed 
at room temperature. Then, the H.F.R.P bar is immersed in 
distilled water at 23°C and the wet weight of the bar is 
noted. The weight of the sinker in immersed condition is 
also noted. The specific gravity of H.F.R.P bars is 
calculated by using the 


Specific gravity (23°C) =a / (a+w-b) (Eqn 3.1) 
Density (23°C) = specific gravity 23°Cx997.5 Kg/m3(Eqn 3.2) 


Where a is the apparent mass of specimen, before immersion 
in water sinker, b is the apparent mass of the specimen and 


Table 3.3 Tensile pro 


the sinker immersed in water, w is the apparent mass of the 
immersed. 


Table 3.1 presents the density of different H.F.R.P bars 
indicated in (ACI 440. 1R-15, 2015 


TypeofBar Steel GF.R.P  C.F.R.P  AF.R.P 


(kg/m?) 2100 1600 1400 
Table 5.2 shows the density of new H.F.R.P bar of 10 mm 
diameter. It is seen that density increases with increasing 
fiber content. To determine the density, five H.F.R.P samples 
have been used and the density seems to be varied from 1961 
kg/m? and 1988 kg/m? and it compared to conventional steel 


bars as 7850 kg/m?. 


Table 3.2 Density of H.F.R.P bars (present study) 
Types ofreinforcements Density in kg / m? 
H1 1961 


1985 





Note: H- H.F.R.P bars, S-Steel bars 





3.3. TENSILE TEST 

The experimental results of tensile tests are shown in Table 
5.3. All H.F.R.P specimens are failed in the gauge length due 
to rupture of fiber as shown in Fig 5.1 whereas, the 
conventional bars started yielding and then broken into two 
pieces. 





ra 
Pd 


Figure 3.1 Rupture of H.F.R.P bars 


perties of H.F.R.P and steel reinforcements 


S.No Specimen Load _ Tensile strength (MPa) Elastic modulus (GPa) | Strain 


3.3 


4 1189.04 0.023 
3 





45.5 590.60 0.003 


Note: H- H.F.R.P bars, S-Steel bars 


The Mean, Standard deviation and coefficient of variation for the tested specimens are calculated by using Eqn 3.3 to Eqn 3.5 
respectively. The coefficient of variation values of H.F.R.P bars are less than 2% for their cases. Table 5.4 shows the statistical 


analysis of the tensile test. 


The statistical analysis is shown in Table 5.4. 
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Table 3.4 Statistical analysis of the tensile test 
Type ofspecimen Mean _ Standard deviation (MPa) Coefficient of variation (%) 





HF.R.P 1178.58 27.53 


The experimental results indicated that the tensile strength of H.F.R.P bars is 1.5 to 2 times greater than steel bars whereas the 
tensile modulus which has been taken from the stress strain graph is found to be 4 times lesser than that of steel bars. 


3.4. TRANSVERSE SHEAR STRENGTH 

The shear strength of H.F.R.P bars is slightly higher than the conventional bars. The H.F.R.P bars posses three times lesser shear 
strength than its tensile strength. This is similar to conventional reinforcement and the shear strength has been evaluated using 
Eqn 3.6 and the results of the transverse shear test shown in Table 5.5. _p 


2A 


Table 3.5 Transverse shear strength of test specimens 
Sl.No Specimen Area(mm72) | Ultimate Load (KN) Ultimate Shear strength (MPa) 
397.8 





398.3 
302.5 


Note: H- H.F.R.P bars, S-Steel bars 


3.5. COEFFICIENT OF THERMAL EXPANSION 

Thermal properties of fibers are substantially different in the longitudinal and transverse direction. Therefore the thermal 
characteristics vary between products depending on the fiber matrix type and the fiber volume ratio. In this study the 
longitudinal Coefficient of linear thermal expansion is between 7.5 x 10 -6/°C to 9x10 -°/°C (ACI 440. 1R-15, 2015) whereas the 
transverse Coefficient of linear thermal expansion is between 15 x 10 ©/°C to 20 x 10 ©/°C. 


Le 


Table 3.6 Coefficient of thermal expansion of reinforcements 
Specimen L(mm) 0©x10-°/°C Longitudinal a x10-°/°C Transverse 





Note: H- H.F.R.P bars, S-Steel bars 


3.6. BOND MECHANISM 

The bonding of concrete with reinforcing bars is the key to develop the composite action of RC elements. The properties of F.R.P 
bars are dissimilar to steel bars. At service loads, the tension stiffening effect of the concrete is affected by the F.R.P bars due to 
its difference local bond behavior which turn affects the cracking and deflection of RC member. Therefore, the bond test also has 
been carried out in the present study. 


3.6.1. Modes of bond failure 

Typical pullout mode of failures is occurred in all H.F.R.P specimens. In these HF.R.P-reinforced concrete cubes there are no 
visual cracks are noticed. It is observed that no damage at the loaded end for both concrete surface and bar whereas at the free 
end, the surface layer of the bar is partly peeled off. 





Figure 3.2 pullout test specimens Figure 3.3 Bond Slip from Concrete and HF.R.P 
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Figure 3.4 Pullout failure 


3.6.2. BOND STRESS-SLIP RESPONSES 

In this test, a minimum bond stress and corresponding slip is noted at both the loaded and unloaded ends of all H.F.R.P 
Specimens. At free ends, the slips are very smaller and it is about (0.08mm). At loaded ends, a slip of 3.60mm is reached at 
maximum bond stress. The bar slip of free ends are notably smaller than the loaded ends at all stages of loading. However, the 
high initial stiffness has been observed between H.F.R.P bar and concrete at loaded and unloaded ends. Experimental pullout 
results of H.F.R.P and Steel bars have shown in Table 5.7. 


Table 3.7 Experimental pullout results of H.F.R.P and Steel bars 
Types of Rod Embedmen t Compressive Pullout Load at Bond 
Reinforce diameter, Length, strength failure,P Strength 
Ments dp mm lpr, mm (MPa) (KN) MPa 


HFRP-1 | 10 | 6S PA 41.56 13.23 
HFRP-2 | 10 | 6 9 44.95 14.3 


HFRP-3 | 10 | re AN NN 8692 15 
HFRP-4 [| 10 | £7 GY geP P04 'G NA 3270 | 9.22 
HFRP-5 | 10 ZF g 860? etn 490, GN 4124 | 13.10 
STEEL-1 | S107 OO of0 IU TOINL 49 9 GY) 4028 | 25.61 
STEEL-2_ | 10 Ff PC tar atinnal Iota ® 7] VY) 3718 | 19.71 
STEEL-3 {| 10 | 88.9202 
STEEL-4 | 10] 4552 | 24.18 
STEEL-5 | 10 Yj 5 @ 60 Resqarchando oe  ) 4721 | 25.10 


As given in the specifications of the ASTM D7913/D7913M-14, for each sequence of tests are calculated the average, Standard 
deviation and coefficient of variation and the COV of H.F.R.P specimens are less than 2% for these cases and by using the 
following equations 3.10 to 3.12. Table.5.8 shows the statistical analysis of the bond strength. 

k=) xn (Eqn.3.10) 





Sii= jy? (Eqn.3.11) 
i=1 
x? - nx) /(n - 1) 
COV=1 - (S,-1/X) (Eqn.3.12) 


Where xX = mean; Sn-1 = standard deviation; COV= coefficient of variation; n = number of tested specimens; xi= measured or 
derived property. Table 5.8 shows of Statistical Analysis of the bond strength. 


Table 3.8 Statistical Analysis of the bond strength 


Type ofspecimen Mean _ Standard deviation (MPa) Coefficient of variation (%) 






HF.R.P 0.91 
STEEL 10 22.95 


30 






25 


20 


15 


10 


Bond stress (MPa) 





0 5 10 15 20 
Shp (mm) | 
Figure 3.7 Bond Stress -Slip Of H.F.R.P And Conventional Steel Bars 
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Regarding the experimental observations, it is concluded that the bond strength of steel bars to concrete is superior to H.F.R.P 
bars nearly 1.8 times. The bond strength may be increased by increasing concrete strength and by decreasing the embedded 
length. 


3.6.3. EXPERIMENTAL INVESTIGATIONS 
Table 3.9 Experimental Results 
SINo Designation of slabs Pu(KN) Mu,kNm_ Ultimate Deflection (mm) 


pt | map; | 40 | 6 | 97 
2 | mip; | 42.5 | 17 | 8954 
[3 [mips [4s [ne 80g 
4 | mehpiD, | 475 | 19 | 79-18 
5 | mehpeD; | 50.25 | 200 | 77-72 
| 6 | mehpsD; | 55 | 22 | 4H 
| 7 | mihpiD, | 575 | 23 | 7080 
| 8 | mehpiD, | 60 | 24 | 69.24 
| 9 | mshpiD2 | 75 | 80 | BAS 
| 10 | mispsDr | 25 | 0 | 4 
p14 | mespoDr | 30 | 2] 828 
p15 | maspsDr | 32.5 | 18 | 80.12 
p16 _[ maspide [a5 faa 30.6 
17 | maspiD2 a SSBSSAAAD RL 8055 
. 18 | msspiDe <P 275 | 85.95 


m1, M2, m3 = Grades of concrete M30 ,M40 and M50 respectively; h1,h2,h3 = Different reinforcement ratios 0.49%, 0.65% and 
0.81% f H.F.R.P rebars respectively; s1, s2, s3= Different reinforcement ratios 0.49%, 0.65% and 0.81% f steel rebars 
respectively ;de = Effective depth of slab ; 


M,, = Ultimate moment in kNm. 
P,, = Static ultimate load in kN; 
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Figure 3.9 LOAD VS DEFLECTION for all H.F.R.P slabs 
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Figure 3.10 LOAD VS DEFLECTION for all conventional slabs 
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Figure 3.14 LOAD VS DEFLECTION for H.F.R.P and conventional slabs in different grade of concrete. 
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Figure 3.16 LOAD VS DEFLECTION for H.F.R.P and conventional slabs in different depths. 





Figure 3.17 Bar Chart showing ultimate strength comparison of all H.F.R.P slabs 
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Figure 3.18 Bar Chart showing ultimate strength comparison of all steel slabs 
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Figure 3.20 Comparison of stress versus strain for H.F.R.P slab for ™4hp4D, at top and bottom levels 


i 
| 
: 
= 
he 
=f 





Figure 3.21 stress vs strain of Steel for ™15P4D 4 at top and bottom levels 
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Figure 3.22 Effective Moment of Inertia versus Moment for H.F.R.P and conventional slabs 
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Figure 3.27 Different crack pattern of H.F.R.P slabs 
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Figure 3.28 Rupture of H.F.R.P m3hqiD2 slabs 
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Figure 3.30 LOAD VS CRACK WIDTH of H.F.R.P slabs differing with reinforcement ratio 
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Figure 3.31 LOAD VS CRACK WIDTH of H.F.R.P slabs differing with depth of slabs 
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Figure 3.32 LOAD VS CRACK WIDTH between H.F.R.P slabs and conventional slabs 
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Figure 3.33 Comparison on LOAD VS CRACK WIDTH of between H.F.R.P slabs (present study) and G.F.R.P slabs 


Regarding bond characteristics, it has seen that sand coating surface treatment on the rebars influences much on bond behavior 
lead for increase in chemical bond at early stages. However, once the peak strength has been reached, the sand coating surface 
debonds from the rebar and an abrupt decay of bond stresses occurs. The stress slip for sand coated H.F.R.P bar resembles 
conventional ones. Including micro slippage branch, a slippage branches, descending branch and a reduced branch at various 
load levels namely elastic, ultimate and residual levels. Regarding the experimental observations, it can be said that bond 
strength for steel bars to concrete is superior to H.F.R.P bars nearly 1.8 times. Bond strength can increase by increasing concrete 
strength and by decreasing the embedded length. 


Table 3.10 an experimental Comparison between conventional and H.F.R.P slabs 


MHF.R.P OHFE.R.P W“crueE.R. 
Msteel OSteel P Wer Steel 


1 
2 
3 


SLNO H.F.R.P SLABS CONVENTIONAL SLABS 


4 
5 
. 
| 9 | mshqiD2 | msiDn | 296 | 6222 





From the static test, it has seen that increase in the reinforcement ratio, grades of concrete and the thickness of the slab exhibit 

higher strength, less deflection and reduction in crack. some points can be observed from static flexural investigations of the slab. 

1. Load deflection response due to static loading shows a greater reduction in stiffness in the case of H.F.R.P reinforced slabs 
than the conventional slabs. For conventional slabs, a wider deflection occurs due to its yielding nature, whereas H.F.R.P 
reinforced slabs show no yielding of reinforcements but a larger deflection occur due to load increments. 

2. The flexural response of RC members is divided into two distinct stages. The first stage describes the uncracked portion of 
the member, and the second describes the cracked portion of the member. 

3. Inthesecond stage, the concrete tensile resistance reduces due to cracks and so that the tensile loads are carried entirely 
by the reinforcement. The flexural stiffness of a RC member is greatly reduced in this stage, but the cracked response 
remains well above that of a member that is fully cracked. This is possible only, due to good bonding and the by 
transferring mechanism of rebar, some of the tension to its surroundings, which leads to the contribution of concrete 
between individual cracks. 

4. On further loading, the tensile stress increases to develop additional cracks. The process continues until crack spacing 
reduces in such a way not to develop new cracks. Such crack pattern is termed as the stabilized crack pattern in which 
additional load widens existing cracks, with limited effects on flexural stiffness. 

5. Theslab mzhqiD: shows 6.25 % increase in load carrying capacity than mzhqz2D; slab whereas the deflection is 1.09 times 
greater mzhqz2D, than slab. The slab mzhqiD1 shows 12.5 % increase in load carrying capacity than m;hq3D; slab whereas 
the deflection is 1.21 times greater mihqz2D; than slab. 


6. Theload carrying capacity of H.F.R.P slab mzhp1Dj poses 6.25 % and 12.5 % decrease in load carrying capacities and times 
greater deflections than and mzhp3D 4 slabs.mzhp7D1 

7. By increasing the thickness by 20 mm the load carrying capacity increases by 

8. 43.75 % and deflection reduces by 1.43 times. 

9. Byincreasing the grades of concrete, m7hp,D;shows 18.75 % and m3hq1Dz2 shows 87.5% higher strengths and at the same 
time, and 1.8 times lesser deflections than m4hp1D1slab .The experimental load deflection graphs are depicted from Fig.3.27 
to 3.28. Owing to it, the ultimate deflection and the crack width also reduce substantially. 
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10. Fig.3.35 shows a comparative graph of ultimate strengths of all H.F.R.P slabs using bar chart. Similarly, Fig.3.36 shows a 
comparative graph of ultimate strengths of all conventional slabs using bar chart. 

11. The strain distributions across the thickness of H.F.R.P slabs are shown in Fig.3.37 and Fig.3.38 H.F.R.P reinforcements in 
tension side of the concrete slabs behave similar to the H.F.R.P reinforcements tested under pure tension (Tensile test 
specimen) Reflecting good bonding between concrete and H.F.R.P reinforcements. The concrete surface strain in H.F.R.P 
reinforced slabs shuttles between 1.5 to 2 times greater than the conventional slabs under the similar load level. The 
experimental observations resembles to the observations made by the authors. 

12. Experimental contributions on Crack widths and Crack patterns are shown from Fig.3.41 to Fig.3.43. The first crack 
appears at the middle of the slab and develops slowly across the width of the slab. When more loads is applied gradually, 
new cracks are developed on the slabs. At the same time, the existing crack has been widened. This is continued up to 75% 
of ultimate load and then the formation of new split up into smaller cracks close to the main bars. All the slabs experience 
flexural type of failure. At ultimate load, H.F.R.P reinforced slabs experience concrete crushing and Steel reinforced slabs 
show the flexural type of failure. Fig.3.41 and Fig.3.42 depict the crack pattern of slabs for various parameters. 


3.7. DEFORMABILITY FACTORS 

Ductility is the energy absorption capacity of a structure without failure and is to measure the inelastic deformation. For steel- 
reinforced structures, ductility is the ratio between the ultimate deformation and the deformation at yielding. This way of 
estimating ductility cannot be applied to F.R.P reinforced structures because they are virtually linear until failure. 


Deformability factors quantify the safety of a HF.R.P-reinforced member similar to ductility factors in numerically. This factor, 
however, does not incorporate the advantageous post-yield behaviour of steel-reinforced flexural members. According to, a large 
curvature is needed for a higher moment of resistance. Thus, an accurate quantification of safety must account for load 
resistances (moments, forces, or stresses) as well as member deformations (curvature, displacement, or strains). 


Deformability factors overcome this problem. A flexural member, properly designed with adequate deformability, can meet 
serviceability requirements, but still have enough reserve strength and deflection to allow pre-emptive warning of failure. 
Deformability factors account for this effect by comparing energy absorption at two different load levels i.e. energy absorbed at 
ultimate state with the energy absorbed at service load level. For the present study DF has been calculated from the experimental 
observations. 


The Deformability Factor DF shown in Egn 3.13 is obtained by multiplying the Moment factor by Curvature factor; accordingly, 
DF = Moment factor x Curvature factor 


The procedure is based on restriction of cracks widths at service load condition and ensuring that adequate deformability of the 
Slab occurs before failure. By limiting the stress in the reinforcements it can be achieved. The stress in H.F.R.P reinforcements at 
service loads is depends on the ultimate strength of slab. Therefore the design requirement governs the amount of H.F.R.P 
reinforcement ratio provided. Based on this study, the deformability factor exceeds a value of 4 as specified in previous studies 


(Newhook et al., 2002, CEB-FIP, 2007; ACI 440. 1R-15, 2015). This study limits the strain in H.F.R.P ( € 9 FR p) due to service 


loads to 1.5 times the strain allowed for steel reinforcements (€ y ) which is equal to the strain 0.002 of slab. 


Since F.R.P bars do not yield, a deformability factor is used and a minimum required value, DF=4, is proposed. The permissible 
value of strain in steel is limited to 0.002 as serviceability condition which is proposed to result in crack widths 5/3 times larger 
than the widths when steel bars are used. It is shown, by a parametric study, that when the F.R.P is determined in this way, the 
DF is commonly greater than 4; thus, there is no need to check the deformability. 


Table 3.11 Deformability Factors For Concrete One-Way Slabs (Experimental Values) 


Sl. Designation of R. ili iti iti Deformability factor, 
No slabs % M;skNm Wsx10°° M.KNm wWux10°5 DF 
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The procedure is based on restriction of cracks widths at 
service load condition. Therefore the design H.F.R.P 
reinforcement ratio provided. Based on this study, the 
deformability factor exceeds a value of 4 as specified in 
previous studies. This study limits the strain in H.F.R.P 


(€H FR P) due to service loads to 1.5 times the strain allowed 


for steel reinforcements (€y) which is equal to the strain 
0.002 of slab. 


Since F.R.P bars do not yield, a deformability factor is used 
and a minimum required value, DF=4, is proposed. The 
permissible value of strain in steel is limited to 0.002 as 
serviceability condition which is proposed to result in crack 
widths 5/3 times larger than the widths when steel bars are 
used. It is shown, by a parametric study, that when the F.R.P 
is determined in this way, the DF is commonly greater than 
4; thus, there is no need to check the deformability. 


4. CONCLUSIONS 

4.1. GENERAL 

In this Chapter, the essential contributions of this study are 
summarized .Finally the suggestions for further researches 
are also presented. 


4.1.1. SALIENT CONCLUSIONS OF THE PRESENT STUDY 
The stress-strain performance of the sand-coated H.F.R.P bar 
is linear, lacking yield point up to the failure transverse shear 
strength is 3 times lesser than the tensile strength of the 
H.F.R.P bars. Thermal properties of fibers are substantially 
different in the longitudinal and transverse direction. 
Therefore the thermal characteristics vary between products 
according to the fiber, matrix and the fiber volume ratio. In 
this study the longitudinal Coefficient of linear thermal 
expansion is 7.5 x 10 -°/°C to 9x 10 -6/°C. Whereas the 
transverse Coefficient of linear thermal expansion is between 
15 x 10 -6/°C to 20 x 10 6/°C. Load -deflection graphs drawn 
exhibits the accordance between experimental and FEM 
(ANSYS) observations. The reduced deflection of FEM is due 
to the rigidness of meshing. The results also confer about the 
effect of tension stiffening and the bond slip. From the 
comparison it has been observed that experimental 
deflections vary from 1.03 to 1.37 times higher than the FEM 
deflections. 


4.2. FUTURE SCOPE OF WORK 

> The long-term properties of H.F.R.P reinforcements 
under different exposure conditions with different types 
of fibers and matrix composition needs to be assessed 
by rigorous experimental study. 

> Application of rigorous reliability studies incorporating 
the experimental observations can be extended to 
H.F.R.P reinforced concrete columns, beam-column 
connections, beams under tensional loading conditions, 
etc. 

> Investigations on the fatigue characteristics of H.F.R.P 
reinforced concrete slabs need to be experimented. 

> The finite element study on the non linear aspects of the 
behaviour of H.F.R.P reinforced concrete slabs needs to 
be studied under repeated loading conditions. 
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